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JUPITER'S MAGNETOSPHERE 
I I . 

I ,  ' 

The r o t a t i o n  of J u p i t e r  is very r a p i d  (36O per  hour). 
If i t s  magnetospheric plasma co - ro t a t e s  wi th  t h e  p l a n e t ,  t h e  
e f f e c t  of c e n t r i f u g a l  force o n  t h e  plasma d i s t r i b u t i o n  w i l l  be 

c o r s i d e r a b l e .  A t  6 e q u a t o r i a l  r a d i i  from t h e  c e n t r e ,  cor- 
r e s p m d i n g  roughly t o  t h e  o r b i t  of t h e  s a t e l l i t e  Io,  t h e  
c e n t r i f u g a l  force on a co- ro ta t ing  body is 18 t i m e s  t h a t  
due t o  g r a v i t y ;  t h e  t w o  forces a r e  equal  a t  2.3 r a d i i .  Thus, 
w e  may expect t h a t  t h e  co- ro ta t ing  plasma, t rapped i n  t h e  
magr-etic f i e l d ,  w i l l  be thrown o u t  t o  those  p a r t s  of t h e  
liires of force which a r e  t h e  most remote from t h e  a x i s  of 
rot, a t  ion.  

There is, however, a maximum plasma d e n s i t y  which can 
co - ro t a t e  a t  a given d i s t a n c e  from t h e  a x i s .  The magnetic 
f i e l d  must be a b l e  to e x e r t  enough f o r c e  on t h e  plasma t o  
provide t h e  r e q u i r e d  c e n t r i p e t a l  a c c e l e r a t i o n .  If t h e  plasma 
d e c s i t y  is  too g r e a t ,  i t  w i l l  break away, ca r ry ing  t h e  mag- 
r e t i c  f i e l d  wi th  it. We may es t imate  t h e  maximum number 
d e n s i t y  of t h e  plasma i n  t h e  e q u a t o r i a l  p lane  by equat ing  
t h e  magret ic  and r o t a t i o c a l  k i n e t i c  energy d e n s i t i e s :  

B 2 /2p0 = '/2 NmaxmR 2 2  L ro 2 

Here €3 is  t h e  magnetic induct ion a t  r a d i u s  r = L r o ,  where 
i s  t h e  e q u a t o r i a l  p l ane ta ry  r a d i u s  and L w i l l  l a t e r  be 

used to i d e n t i f y  t h e  magnetic f i e l d  l i n e  on which t h i s  plasma 
l i e s .  N is t h e  maximum e l e c t r o n  or i on  number d e n s i t y  
which can co - ro t a t e ,  m t h e  mass of an i o n ,  s2 t h e  angular  

rO 

max 



- 2 -  

v e l o c i t y  and t h e  permeabi l i ty  of f ree  space.  Assuming 
t h e  magnetic f i e l d  %O be t h a t  of a d i p o l e  a l i g a e d  along 
t h e  r o t a t i o n a l  a x i s ,  of induc3io3 Bo a t  t h e  e q u a t o r i a l  plane- 
t a r y  su r face ,  w e  f i n d :  

T h i s  equat ion has  been der ived  by a d i f f e r e r t  method by 
Hines . 
of Angerami and Thomas' t o  c a l c u l a t e  t h e  d i s t r i b u t i o n  of 
plasma along t h e  l i n e  of f o r c e  L.  The p o t e n t i a l  energy of 
u n i t  mass a t  .the poilzt r ,  8 i n  t he  g r a v i t a t i o n a l - c e n t r i f u g a l  
f i e l d  has  the  form: 

1 

We may now use  a method s i m i l a r  i n  p r i n c i p l e  t o  t h a t  

\ 

2 

(3 1 2 2  2 Y' R 1 3  s i n  e I- cons tan t .  r O  
= -0 - r - 

where go is t h e  g r a v i t a t i o n a l  a c c e l e r a t i o n  on t h e  equator  
a t  the  s u r f a c e  of %he p l a n e t .  From t h i s ,  t h e  equat ion  of 
h y d r o s t a t i c  equ i l ib r ium of plasma a long  t h e  f i e l d  l i n e  c r o s s i n g  
t h e  e q u a t o r i a l  plane a t  Lro is r e a d i l y  so lved  t o  give:  

H e r e  k is Boltzmann's c o c s t a n t  agd T is the  temperature of 
t h e  plasma, assumed t o  be uniform. 

of J u p i t e r ' s  decimetre r a d i a t i o n 3  t h a t  t h e  magnetic a x i s  is 
I t  is known f r o m  observa3ions of t h e  p l ace  of p o l a r i z a t i o n  
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0 i n c l i n e d  a t  an angle  of 10 t o  i t s  r o t a t i o n a l  a x i s ,  t h e  
no r the rn  hemisphere pole  ly ing  on t h e  system I11 longi tude  
of 190°. 
t i l t e d  d i p o l e  t h e  p o i n t s  on t h e  f i e l d  lirzes which a r e  f a r t h e s t  
from t h e  r o t a t i o n a l  a x i s  l i e  nea r ly  i n  a plane t i l t e d  a t  
7 O  t o  t h e  e q u a t o r i a l  plane of t h e  p l a n e t  acd i n t e r s e c t i n g  
t h e  l a t t e r  i n  long i tudes  100' and 280°. 

Substitutio:! of reasonable  numerical  va lues  i n t o  

An approximate c a l c u l a t i o n  shows t h a t  with t h i s  

Equation 4 ,  assuming a f u l l y  ion ized  pro ton-e lec t ron  gasishows 
t h a t  t h e  e f f e c t  of t h e  c e n t r i f u g a l  f o r c e  is to conf ine  t h e  
plasma t o  a d i s c u s - l i k e  reg ion  about t h e  p l aze  a t  7O t o  t h e  
e q u a t o r i a l  p i andsee  Fig.  1 ) .  AS t h e  p l a n e t  r o t a t e s ,  t h i s  
plasma d i s c u s  goes round with i t ,  and Io,  whose o r b i t  l i e s  
i n  t h e  e q u a t o r i a l  p l ane ,  must pass  ob l ique ly  through it twice 
every  r evo lu t ion .  Thus, t h e  plasma frequency i n  t h e  v i c i n i t y  
of I o  w i l l  r i s e  t o  a maximum and f a l l  aga in  dur ing  each such 
passage. 

Now an examination of t y p i c a l  s p e c t r a  of t h e  "ear ly"  
or B source4 shows t h a t  t h e i r  most prominezit f e a t u r e  is a 
narrow-band emission which rises t o  a maximum frequency of 
about 40 MHz-and then f a l l s  again. Th i s  sugges t s  t h a t  w e  
should make t h i s  t h e  plasma frequency corresponding t o  

*max 
From Equation 2 we then  f i n d  Bo = 30 gauss.  
f o r  t h e  observed frequency t o  i n c r e a s e  from 20 t o  40MHz 
is t y p i c a l l y  of t h e  o rde r  of an hour. A plasma temperature  
of 1800°K i n  Equation 4 g i v e s  a d i s t r i b u t i o n  such t h a t  it 
t a k e s  an hour f o r  t h e  plasma frequency a t  I o ' s  o r b i t  t o  r i se  
from 20 t o  40 MHz. I t  is assumed t h a t  mechanisms e x i s t  which 
w i l l  a l low t h e  gene ra t ion  by Io of r a d i o  waves a t  or near t h e  

P- 

a t  L = 5.9, t h e  r a d i u s  of I o ' s  o r b i t  bei3g 5.9 roo 
The t i m e  t aken  
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plasma frequency. 
Numerical c a l c u l a t i o n s  based on Equatiozi 4 usiz-ig t h e s e  

va lues  then  l ead  to t h e  magxetospheric model show2 i n  
F igure  1. I t  must be s t r e s s e d  t h a t  This  shows t h e  maximum 
plasma d e n s i t i e s  which cafi co - ro t a t e .  Processes  such a s  
recombination would a c t  t o  reduce t h e  va lues ,  e s p e c i a l l y  
where they  a r e  very high i m i d e  4ro. Any i n c r e a s e  above 
t h e  amounts shown would presumably r e s u l t  i n  t h e  e j e c t i o n  
of plasma near t h e  e q u a t o r i a l  plane.  Th i s  i n s t a b i l i t y  o f f e r s  
a p o s s i b l e  source of non-Io-related r a d i o  mise .  On t h e  
o the r  hand, d e n s i t i e s  less than  those  show8 should be s t a b l e .  
An o b j e c t i o n  t o  models which i d e c t i f y  t h e  r a d i o  f r equenc ie s  
emi t t ed  w i t h  t h e  plasma frequency has  been that- t h e  s p e c t r a  
of t h e  d i f f e r e n t  sources  a r e  remarkably r ep roduc ib le  from 
r e v o l u t i o n  t o  r e v o l u t i o n  a i d  from year  t o  yea r .  Many au tho r s  
have t h e r e f o r e  p r e f e r r e d  TO r ega rd  t h e  maximum frequency of 
40  MHz a s  t h e  gyro-frequency i n  t h e  emi t l iEg  r eg ion ,  a rguing  
t h a t  only t h e  magnetic f i e l d  s t r e c g t h  is  l i k e l y  t o  be su f -  
f i c i e n t l y  cons tan t  t o  g ive  t h e  observed s t a b i l i t y  over long 
per iods .  I t  should be Eoted t h a t ,  ir: t h e  prese:i?; model, t h e  
maximum plasma f r e q u e m y  is d i r e c t l y  c o c t r o l l e d  by t h e  mag- 
n e t i c  f i e l d ,  thus accourrticg for t h e  r e p r o d u c i b i l i x y  of t h e  
s p e c t r a .  

A l l  f ou r  of t h e  I o - r e l a t e d  "sources" 02 J u p i t e r  appear 
t o  c o r r e l a t e , a t  l e a s t  q u a l i t a t i v e l y ,  wi th  t h e  model. The 
conf igu ra t ions  a r e  se t  ou?; i n  .:he t a b l e  fol lowing:  

1 
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SOURCE CENTRAL MERIDIAN 
LONGITUDE 

Ea r ly  (B) 70°-190° 

Main (A) 190°-2 80° 

Thi rd  ( C )  28Oo-36O0 

Fourth (D) Oo-70° 

I o  PHASE FROM RELATION OF Io 
SUPERIOR GEO- TO PLASMA DISCUS 

TION 
CENTRIC CONJUNC- 

70°-looo Being overtaken by 
denser  plasma, en te r -  
i n g  d i s c u s  from above. 

200°-260° Emerging from denser  
plasma towards upper 
s u r f a c e .  

d e m e r  plasma, 
e n t e r i n g  d i s c u s  
from above. 

denser plasma 
e n t e r i n g  d i s c u s  
from below. 

220°-260° Being overtaken by 

goo-lloo Being overtaken by 

D e t a i l s  of t h e  c a l c u l a t i o n s  and re f inements  w i l l  be pub- 
l i s h e d  elsewhere. Poss ib l e  r a d i a t i o n  mechanisms and r a y  pa ths  
a r e  a t  p re sen t  be ing  s tud ied .  

T h i s  work was c a r r i e d  ou t  whi le  t h e  author  he ld  a Nat iona l  
Research Council  Senior  Post-Doctoral  Research Assoc ia tesh ip  
supported by t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion.  

J. A. GLEDHILL 
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NASA-Goddard Space F l i g h t  C e n t e r  
Greenbel t ,  Maryland 
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CAPI?ION FOR FIGURE 

Figure 1. Model of Jupiter's magnetosphere. Bo = 30 gauss; 
T = 1800°K. 
loglo N ,  where N is in cm 

The numbers on t h e  contours are 
-3 . 




